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ABSTRACT
Background At present, the vast majority of older
adults reside in the community. Though many older
adults live in their own homes, increasing numbers
are choosing continuing care retirement communities
(CCRCs),which range from independent apartments
to assisted living and skilled-nursing facilities. With
predictions of a large increase in the segment of the
population aged 65 andolder, a subsequent increase
in demand on CCRCs can be anticipated. With these
expectations, researchers have begun exploring the
use of smart home information-based technologies
in these care facilities to enhance resident quality of
life and safety, but little evaluation research exists on
older adults’ acceptance and use of these technologies.
Objective This study investigated the factors that
inﬂuence the willingness of older adults living in
independent and assisted living CCRCs to adopt
smart home technology.
Subjects and setting Participants (n = 14) were
recruited from community-dwelling older adults,
aged 65 or older, living in one of two mid-western
USCCRC facilities (independent living and assisted
living type facilities).
Methods This study used a qualitative, descriptive
approach, guided by principles of grounded theory
research. Data saturation (or when no new themes
or issues emerged from group sessions) occurred
after four focus groups (n= 11 unique respondents)
and was conﬁrmed through additional individual
interviews (n = 3).
Results The ﬁndings from this study indicate that
although privacy can be a barrier for older adults’
adoption of smart home technology their own per-
ception of their need for the technology can over-
ride their privacy concerns.
Conclusions Factors inﬂuencing self-perception
of need for smart home technology, including the
inﬂuence of primary care providers, are presented.
Further exploration of the factors inﬂuencing older
adults’ perceptions of smart home technology need
and the development of appropriate interventions
is necessary.
Keywords: frail elderly, smart home technology,
telemedicine
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Introduction
At present, the vast majority of older adults reside in
the community, with fewer than 5% of elders living in
skilled-nursing facilities.1 Though many older adults
live in their own homes, increasing numbers are
choosing to live in continuing care retirement com-
munities (CCRCs). The residential options oﬀered by
CCRCs range from independent apartments to assisted
living and skilled-nursing facilities, and the amenities
include meals, housekeeping, transportation, and on-
site ambulatory care. With predictions of a large
increase in the segment of the population aged 65 and
older,2 a subsequent increase in demand on CCRCs
can be anticipated. As a result, these CCRCs are increas-
ingly adopting smart home information technologies
for the well-being of their residents. Smart home tech-
nologies are information-based technologies that pass-
ively collect and share resident information with the
resident and family members in addition to primary
care providers. The purpose of some smart home
technologies is to help individuals with tasks they
would otherwise be unable to do or to help individuals
perform tasks more easily or safely.3,4 In addition,
smart sensor technologies are proposed to identify
warning signs for early intervention. Types of smart
home technology under development include: emerg-
ency help, falls detection, physiological and mobility
monitoring, cognitive reminder systems, andmedication
management.5,6 Little evaluation research exists on
user willingness to adopt and eﬀectiveness of smart
home technology in CCRCs.5
The purpose of this study was to explore the
willingness of older adults living in CCRCs to adopt
smart home technologies. A description of the speciﬁc
smart home technologies included in this study is in
Box 1. This study focused on community-dwelling
older adults, who were living within an independent
living facility or assisted living type facility. A descrip-
tive, qualitative approach guided by grounded theory
principles was undertaken using focus groups and
individual interviews.
Background
Williams argued that themeaning of a place is a key to
understanding the importance of that place.7 The term
home can be understood as a speciﬁc location where
Box 1 Smart home devices
What is a smart home
technology or device?
Smart home technologies are information-based technologies that passively
collect and share resident information with the resident and familymembers in
addition to primary care providers. These devices collectmultiple types of data,
including: physiological, location ormovement data. Algorithms transform the
raw data into activity patterns which can be used for early detection and
intervention by healthcare providers or residents and their families. Examples
of smart home technologies that were used in this study are listed below.
Bed sensor This device slips under the mattress pad and detects resident heart rate,
respiration and restlessness.
Motion sensor This device detects motion within the home or apartment. By itself, the device
provides data regarding the resident’s location over time. For example, a
motion sensor in the bathroom doorway can track the number of nocturnal
bathroomvisits. This data can then be compared against the resident’s personal
norm to look for pattern changes. The motion sensor can also be used in
combination with other sensors to develop richer activity patterns.
Kitchen safety sensor This device combines a motion sensor for the area surrounding the stove top
with a heat sensor for the burners. This device is designed to alert the resident
and facility staﬀ if a stove burner is turned on and left unattended for a set
amount of time.
Falls detection sensor There are several diﬀerent approaches being explored for passive monitoring
for resident falls. The system under development that was presented to
residents during this study used resident silhouette video images to passively
detect if a resident had fallen and was unable to get up from the ﬂoor. The system
would then alert facility staﬀ, primary care providers and family members
according to the resident’s protocol. Unlike the emergency communication
systems that are used widely in the USA, such as Lifeline, the resident would not
have to activate the system in order to report a fall or summon help.
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privacy and identity are protected; as a familiar place
of comfort; and as the centre of everyday experiences.8, 9
All three of these dimensions of home are connected
to familiar routines, physical arrangements, and the
social structure of the home and are often idealised by
residents.8 The addition of health services to the home
environment can inﬂuence change in the experiences
and meaning of home.7,9 When home is a CCRC, the
concepts of self-identity and privacy are inextricably
linked with home.
Privacy can play a role in an individual’s view of
smart home technologies, which passively collect and
share information, such as one’s activity levels, sleeping
patterns or treatment adherence, with the individual’s
primary care providers or family members. Bauer noted
how home-based telemedicine applications can sim-
ultaneously enhance privacy through limiting the
intrusion of healthcare providers into the home set-
ting but increase the risk of privacy violations through
inappropriate or unintentional information sharing
via the technology.10
Examples of existing CCRC smart home technology
projects include Oatﬁeld Estates in Oregon11 and
TigerPlace in Missouri.5 In these settings, smart home
technologies are installed within the private apart-
ments, rooms or ‘homes’ of the residents. Smart home
technologies used in the CCRCs may include devices
for: emergency communication, falls detection, gait
and movement monitoring, cognitive reminder sys-
tems, and medication management. The arguments for
bringing these smart home technologies into CCRC
facilities are that they enhance residents’ quality of life;
helpmaintain them living at home; and reduce health-
care costs through prevention and early intervention.12,13
Existing evaluation literature on smart home tech-
nology often focuses on the potential beneﬁts or
usability of the technology and pays inadequate atten-
tion to the concerns of potential users or their will-
ingness to adopt the technology. Several studies have
suggested that not all older adults or families may
uniformly beneﬁt from smart home technology.12,13
Understanding older adults’ willingness to adopt new
technologies is one necessary component for identi-
fying which seniors might beneﬁt from the technology.
Without this understanding, researchers may not be
able to eﬀectively develop smart home technology inter-
ventions or target the most appropriate users.
This study explored seniors’ willingness to adopt
smart home technology within a CCRC living envir-
onment. The results of this study are applicable for the
development of smart home technology interventions
and can inform the practice of healthcare providers,
technology developers, and policy makers.
Methods
Design
With approval from the Health Sciences Institutional
Review Board, data were collected during focus group
sessions and during individual interviews. Grounded
theory analytic approaches are useful for understand-
ing social processes and were chosen for this project,
which investigates the process of individual willingness
to adopt smart home technology. Data analysis resulted
in a description of the factors inﬂuencing older adults’
willingness to adopt smart home technology.
Because we were interested in the complex interac-
tion between the living environment and smart home
technology adoption within CCRC facilities, focus
groups were selected. Individual interviews were added
to increase the subject diversity of the sample and to
conﬁrm data saturation from the focus group data.
Within focus groups, participant responses can be
inﬂuenced by the contributions of other participants.
As a result, participants may provide a greater diver-
sity of responses and not repeat ideas that have already
been expressed by another group member. We have
therefore provided terms in this paper to indicate the
relative frequency with which participants expressed
an idea (few indicates two to three participants; several
or some, up to half of participants; most, greater than
two-thirds of participants).
Sample: size and sampling procedure
Data saturation, or when no new themes or issues
emerged from group sessions, occurred after four
focus groups (n = 11 unique respondents) and was
conﬁrmed through additional individual interviews
(n = 3). Participants were recruited from community-
dwelling older adults, aged 65 or older living in one of
two mid-western US CCRC facilities (independent
living or assisted living type facilities). Participants
were recruited using ﬂyers in their mailboxes and on
bulletin boards within the residence.
Instrument
The instrument was a semi-structured series of ques-
tions to guide the facilitator during the focus group
and individual interview sessions. Using a constant
comparative process, the interim ﬁndings from each
group generated modiﬁcations to the interview guide.
For example, early in the group sessions, residents’
self-perception of need emerged as an important factor
in their willingness to adopt smart home technologies
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and subsequent interview guides were expanded to
explore this area further.
Each group and individual session began with a
general discussion about privacy and participants’
residential setting. This was followed by introduction
of each technology (bed sensor, kitchen sensor, mo-
tion sensor, and fall detection sensor), a discussion of
initial reactions, and whether or not they would be
willing to adopt (use) this technology.
Data collection procedure
Following informed consent and a brief study intro-
duction, the facilitator began each session using the
interview guide. Focus groups and interviews were
audiotaped and transcribed. Field notes were taken.
Discussions lasted until the respondents had nothing
new to add, usually 60 minutes. Following the dis-
cussion, the facilitator summarised the main points
from the discussion as a member check to ensure that
the meaning of what the participants intended was
captured. Data collection occurred over a period of
four months in 2006.
Method of analysis
Data were analysed using a qualitative approach guided
by grounded theory principles. Data codes and themes
were inductively generated. Analysis of the data was
performed by the principal investigator and validity of
interpretations was checked by other members of the
research team. Interpretations were validated with
each new focus group session. Following each focus
group transcript data were coded, using a constant
comparative analysis, by line and sentence for descrip-
tive (ﬁrst-level) and theme (pattern) codes.14 Following
open and axial coding, conceptual maps were created.14
Findings
This study was initially designed to develop better
understanding of the relationship between privacy,
residential setting and participants’ subsequent will-
ingness to adopt smart home technology. However,
throughout the sessions it became apparent that
residents’ self-perception of need was a critical factor
in their willingness to adopt smart home technology.
One respondent noted their most critical technology
adoption question was ‘Do I need it?’
After the ﬁrst focus group, the facilitator further
explored the issue of ‘needing’ the technology in each
groupand interview.Participantsdiscussedwhowouldbe
ideal candidates for the technology as well as describ-
ing when they personally might need the technology.
Exploration of residents’ self-perception of need
yielded several factors. Initial responses from partici-
pants neither uniformly rejected nor accepted all of
the various technologies presented.
The decision to adopt a smart home
technology
Privacy concerns rarely dictated respondents’ adop-
tion choices. Rejection of smart home technology was
solely guided by privacy concerns by only a few respon-
dents. ‘My privacy is too important to me.’ Most
participants, however, used a pragmatic approach to
their technology needs and indicated that their per-
ception of their need for the technology was the most
important consideration in the decision to adopt a
smart home technology. ‘Because if I need it, I would
get it in aminute, if I could get there beforemy daughter
did.’
For participants who had privacy concerns about
the smart home technology, the privacy concerns were
not as important as their perception of their need for
the technology. ‘But as far as privacy is concerned, I
think the usefulness of the piece of equipment is the
thing that determines that amount of privacy.’ Resi-
dents seemed willing to trade personal privacy pref-
erences for the perceived beneﬁts of the smart home
technology. ‘Why, you know if it’s going to be helpful
then I have no problem.’More detailed results regard-
ing the meaning of privacy in CCRCs and the privacy
concerns of residents about smart home technology
are presented elsewhere.15
Factors that inﬂuence the perception
of smart home technology need
The perception of need for the technology was from
the respondents’ point of view and assumed that
residents will have the opportunity to make a decision
about using the technology rather than having the
decision made for them. During the sessions, partici-
pants described a number of factors that inﬂuenced
their perceptions of their need for smart home tech-
nology. These factors were:
. self perception of health
. physical condition
. mental and emotional condition
. anticipatory living
. the inﬂuence of family and friends
. the inﬂuence of healthcare professionals
. the physical environment
. the technology type
. the perceived redundancy of the technology.
Respondents’ perceptions of their own need for tech-
nologymay not be consistent with the external opinions
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of family, friends, facility staﬀ or their healthcare
providers. Participants consistently described them-
selves as ‘healthy’, ‘very healthy’ or ‘blessed with good
health all my life’.
Contrasting with this self-perception of health,
though, were their statements regarding their health
history and mobility diﬃculties. The respondents in
this study listed a wide variety of health problems
including serious cardiac and pulmonary conditions,
degenerative processes such as osteoporosis and ar-
thritis, and histories of joint replacements, long bone
fractures and falls. Additionally, a few respondents relied
on supplemental oxygen or mobility devices such as
canes, walkers and mobilised chairs (scooters).
Respondents often said that older adults with cardiac
or pulmonary conditions, cognitive disorders or
mobility problemswould be good candidates for these
types of smart home technology. However, these same
respondents did not feel that they were personally in
need of the smart home technology. For example, one
woman who had balance issues and a history of falls
described her health condition and then stated that
she did not need a fall detection technology at this
time. She described her current health concerns with
‘Since I don’t have any balance anymore, I have a plate
in this leg also, I crushed the femur. Eleven screws ...
I’m unbalanced with all of this in here [pointing to
leg], and it makes me wobbly sometimes’. Following
this description, she noted that ‘I’d have to be very
dependent on my cane’ before she would need the
technology.
Very few respondents indicated that they currently
needed the technology, but several anticipated that
future changes in their physical, mental or emotional
condition could inﬂuence their need for technology.
‘Well, now, as far as something like this is concerned,
I would not object to it if there was a purpose for it, as
in the case of this gentleman [with recent cardiac
surgery]. He needed it because he was ill.’ Other
respondents noted they were unlikely to adopt a tech-
nology now based only on an anticipated future need.
‘I’m glad for the people who are fearful, and I think, in
a way, it’s a kind of fear of what’s going to happen that
makes you want [it] – and I can’t live that way. I never
have.’
Participants also said that family and friends can
inﬂuence their perceptions of needing the technology.
One respondent gave a reverse example of how he
inﬂuenced his sister to adopt an emergency communi-
cation service. Several noted the importance of their
children’s concerns when determining if they needed a
service or a technology. A respondent also mentioned
being inﬂuenced by the recommendations of their
primary care provider.
The residents’ physical environment also aﬀected
their perceptions of needing smart home technology.
Several residents noted that their apartments were not
appropriate for certain types of technology. The most
commonly cited example was the lack of a stove which
made the kitchen/stove top sensor irrelevant to them.
The type of technology inﬂuenced the residents’ per-
ception of need. Few respondents saw a need formotion
sensor technology even after being providedwith sample
case scenarios such as urinary tract infection detection.
Additionally, some types of technology (image-based
technologies) were perceived by the residents as more
obtrusive than others, which negatively aﬀected resi-
dents’ willingness to adopt them. However, none of the
smart home technologies presented was unanimously
rejected by the participants.
Some respondents viewed speciﬁc technologies as
redundant due to other systems they already had.
Examples given included: the stove top indicator light
for the kitchen sensor; the emergency communication
service for the fall detection sensor; and medical
devices such as a continuous positive airway pressure
(CPAP)machine and pulse oximeter for the bed sensor.
Although the willingness to adopt smart home tech-
nology was primarily driven by the residents’ perceived
need for the technology, privacy did play a role in smart
home technology adoption. Privacy was a potential
barrier to adoption for some respondents. For a few
individuals in our study, the privacy factors would
supersede any perception of need. ‘It’s just kind of
against my feelings of privacy. I think that that’s my
prerogative to make those choices.’ For most individ-
uals, however, the perceived need for a smart home
technology would outweigh their privacy concerns in
making an adoption decision. ‘I think if I had a problem,
I wouldn’t hesitate to go electronically.’ Respondents
did not uniformly accept all of the smart home
technology shown and most indicated a preference
for being able to select only the technology or tech-
nologies they perceived they needed. The two technol-
ogies mentioned the most often for privacy concerns
were the video-based fall detection sensor and the
motion sensor.
Discussion
For most individuals, however, the perceived need for
a smart home technology would outweigh their priv-
acy concerns in making an adoption decision. Resi-
dents seemed willing to trade personal preferences for
privacy for the perceived beneﬁts of the smart home
technology. Residents’ self-perceptions of need, how-
ever, are not necessarily congruent with the opinions of
their familymembers or healthcare providers. Health-
care providers will need to strike a delicate balance in
supporting older adults’ autonomy and independence
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in decision making, while advocating for services or
technologies which could be beneﬁcial.
Because respondents indicated that the relationship
between privacy and smart home technology is multi-
dimensional and can be a barrier to adoption despite
resident need, the design of smart home technology
and subsequent interventions needs to consider both
privacy and self-perception of need. For example for
privacy concerns, smart home technology devices need
to bemade unobtrusive to the participant and undetect-
able to the casual observer in order to address concerns
about privacy. Similarly, personalised algorithms for
information sharing may alleviate residents’ inform-
ational privacy concerns.
The ﬁndings from this study are consistent with
components from several health behaviour and tech-
nology adoption models. The Health Belief Model
suggests that adoption of preventive actions is a result
of the interactions of an individual’s perception of
susceptibility, severity, beneﬁts, and barriers in add-
ition to cues to act.16 Perceptions of personal health
despite physical decline by older adults has been noted
in the literature.17 Thismodelmay prove to be a useful
one to explain how perceived need (or susceptibility
and severity of potential health conditions) in consid-
eration of technology beneﬁts (such as early detection)
and barriers (such as loss of privacy) can inﬂuence the
willingness of an older adult to adopt smart home
technologies for their home.
Study limitations include the small sample size and
that residents’ adoption of the technologies, which may
have diﬀered from their attitudes, were not measured.
In the future as the technologies become readily available
for individual consumers, the relationship between
self-perception of need, privacy, home environment
and smart home technology should be re-examined.
An underlying assumption of this studywas that the
residents would be the decision makers regarding
smart home technology implementation. If, however,
the facilities, family members or primary care providers
were to make this decision instead of the resident,
additional research would be needed to explore the
relationship of perceived need, privacy, living envir-
onment and smart home technology when the adop-
tion choice is beyond resident control.
Conclusion
The ﬁndings from this study indicate that self-percep-
tion of need for the technology can override older adults’
privacy concerns about smart home technology. Inter-
estingly, there appeared to be an inconsistency between
the identiﬁed ideal candidates for the technology and
participants’ own health conditions. Perhaps denial of
a potential problem is amechanism to avoidmaking a
decision about the technology. Acceptance of the tech-
nology could be an acknowledgement of their frailty to
themselves and others. If so, older adults who might
beneﬁt the most from smart home technology would
be the persons least likely to adopt it. As participants
indicated that their perceptions of need are inﬂuenced
by their healthcare providers, primary care providers
may play an important role in encouraging the ap-
propriate adoption of smart home technologies for
their community-dwelling older adult patients. This
study has implications for both the design of smart
home technology interventions and the evaluation of
smart home technology.
ACKNOWLEDGEMENTS
This workwas supported in part by theNational Library
of Medicine Biomedical and Health Informatics Re-
search Training Grant T15-LM07089–14, Alpha Iota
Chapter of Sigma Theta Tau, International and the
Center for e-Research at the University of Missouri –
Columbia.
REFERENCES
1 Administration on Aging. A Proﬁle of Older Americans.
2005, available at: www.aoa.gov/PROF/Statistics/pro-
ﬁle/2005/2005proﬁle.pdf
2 HealthResources and Services Administration.Projected
Supply, Demand, and Shortages of Registered Nurses:
2000–2020. Rockville, MD: US Department of Health
and Human Services, 2002.
3 Cowan D and Turner-Smith A. The role of assistive
technology in alternativemodels of care for older people.
In: The Royal Commission on Long Term Care with
Respect to Old Age – Research Volume 2. London: The
Stationery Oﬃce, 1999, pp. 325–46.
4 Dewsbury G, Taylor B and Edge M. The process of
designing appropriate smart homes: including the user in
the design. Equator IRCWorkshop onUbiquitous Com-
puting in Domestic Environments, 2001. Nottingham:
University of Nottingham, 2001, pp. 131–46.
5 Demiris G, Rantz MJ, Aud MA et al. Older adults’
attitudes towards and perceptions of ‘smart home’
technologies: a pilot study. Medical Informatics and the
Internet in Medicine 2004;29:87–94.
6 Cheek P, Nikpour L and Nowlin HD. Aging well with
smart technology.Nursing Administration Quarterly 2005;
29:329–38.
7 Williams A. Changing geographies of care: employing
the concept of therapeutic landscapes as a framework in
examining home space. Social Science and Medicine
2002;55:141–54.
8 Rousch CV and Cox JE. The meaning of home: how it
shapes the practice of home and hospice care. Home
Healthcare Nurse 2000;18:388–94.
Needing smart home technologies: the perspectives of older adults in CCRCs 201
9 Tamm M. What does a home mean and when does it
cease to be a home? Home as a setting for rehabilitation
and care. Disability and Rehabilitation 1999;21:49–55.
10 Bauer KA. Home-based telemedicine: a survey of ethical
issues. Cambridge Quarterly of Healthcare Ethics 2001;
10:137–46.
11 EliteCare Technology. Extended Family Residences: an
alternative to assisted living. www.elite-care.com/index.
html
12 Mangusson L and Hanson E. Supporting frail older
people and their family carers at home using infor-
mation and communication technology: cost analysis.
Journal of Advanced Nursing 2005;51:645–57.
13 Rantz MJ, Marek KD, Aud MA et al. A technology and
nursing collaboration to help older adults age in place.
Nursing Outlook 2005;53:40–5.
14 MilesMB andHubermanAM.Qualitative Data Analysis
(2e). Thousand Oaks, CA: Sage Publications, 1994.
15 Courtney KL. Privacy and senior adoption of smart
home information technologies in residential care facilities.
Methods of Information in Medicine 2008;47:76–81.
16 Janz NK and Becker MH. The Health Belief Model: a
decade later. Health Education Quarterly 1984;11:1–47.
17 vanMaanen HM. Being old does not always mean being
sick: perspectives on conditions of health as perceived by
British and American elderly. Journal of Advanced Nurs-
ing 2006;53:54–61.
CONFLICTS OF INTEREST
None.
ADDRESS FOR CORRESPONDENCE
Karen Courtney
School of Nursing
University of Pittsburgh
415 Victoria Building
Pittsburgh PA 15261
USA
Email: karen.courtney@alumni.duke.edu
Accepted July 2008

